We determined the magnetoresistance effects resulting from a spin-flop induced reorientation of the staggered magnetization of antiferromagnetic epitaxial Mn2Au films. The samples were exposed to magnetic field pulses ramping up to 60 T, while the magnetoresistance was measured. Transient effect amplitudes of the order of 1 % were obtained, which relax with a logarithmic dependence on a time scale of seconds. Additionally, a persistent anisotropic magnetoresistance effect of about 0.1 % was observed. These results demonstrate a domain wall related origin of the large resistance effects and relaxation phenomena observed in current induced switching experiments of metallic antiferromagnets.
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In the emerging field of antiferromagnetic (AFM) spintronics [1] [2] [3] , the orientation of the staggered magnetization, or more general of the Néel vector, is used to encode information. For devices, the manipulation of the Néel vector by current induced Néel spin-orbit torques (NSOTs) [4] is most promising. This was demonstrated experimentally by the observation of current pulse induced magnetoresistance (MR) effects for the two known metallic AFMs with the required crytallographic and magnetic symmetries that enable NSOTs: CuMnAs [5] [6] [7] and Mn 2 Au [8] [9] [10] . Recently, current pulse generated MR switching was observed also in polycrystalline metallic AFM MnN/Pt bilayers [11] and insulating AFM NiO/Pt bilayers [12] , which is assumed to be based on interface generated spin-orbit torques.
All thin film samples used for the switching experiments mentioned above were patterned into cross-like structures with lateral dimensions of several micrometers. Thus it is expected, that a multi-domain state of the AFM layers was manipulated. This assumption has been confirmed in the cases, in which X-ray magnetic linear dichroism -photoemission electron microscopy (XMLD-PEEM) investigations of the thin films have been carried out: In CuMnAs AFM domains with dimensions between 0.25µm [13] and 2.5µm [14] were observed. In Mn 2 Au we have imaged domain sizes between 0.5µm [15] and 2µm [16] , depending on the morphology of the samples.
Thus for the understanding of the MR effects associated with the Néel vector reorientation, investigations of the contributions of the domain walls in addition to the anisotropic magnetoresistance (AMR) of the domains are a key requirement. For ferromagnets, it was shown that the transport of spin-polarized currents leads to scattering by the non-collinear spin structure imparted by domain walls [17, 18] . Similar effects should be expected for the spin polarized currents on the sublattices of AFMs.
Furthermore, in CuMnAs, a significant decay of the current pulse generated resistance change on a time scale of seconds to minutes was observed [6, 7] , which is presumably associated with a relaxation of the AFM domain configuration. Such relaxation effects were extensively studied in ferromagnetic metals: So called mag-netic after-effects, i. e. the relaxation of the susceptibility of a ferromagnet, were associated with the mitigation of defects within domain walls [19] . The relaxation of the remanent magnetization of ferromagnets was discussed in the framework of quantum tunneling and thermal activation for amorphous alloys [20] as well as for single crystals [21] . However, analogous investigations of AFMs are scarce, but key to the understanding of the observed signals.
In this letter, we investigate the MR effects associated with a full alignment of the Néel vector of epitaxial Mn 2 Au(001) thin films by a spin-flop transition. We measured the time dependent MR driven by a 60 T magnetic field pulse and observed a relaxing negative MR as well a persistent AMR contribution.
An epitaxial Mn 2 Au(001) thin film with a typical thickness of 80 nm was deposited on a Al 2 O 3 (1102) substrates with Ta(001) buffer layer (thickness 20 nm) as described in Ref. [22] . The sample was capped with 2 nm of Ta to prevent oxidation of the Mn 2 Au surface. The thin film used for this study shows the same morphology as those investigated in Ref. [16] . For precise measurements of the resistance, it was patterned by optical lithography and ion beam etching into 3 stripes of 7 mm length and 200 µm width aligned parallel to the [110]-, [110]-, and [100]-direction of Mn 2 Au, respectively. Separate contact pads at the ends of each stripe allowed for 4-probe measurements of the resistivity along the different crystallographic directions (see inset of Fig. 1 ).
The sample was exposed to a magnetic field pulses with an amplitude of 60 T and a pulse duration of 150 ms at the high field laboratory of the Helmholtz center Dresden Rossendorf (HLD-EMFL). To ensure a stable temperature, the sample was immersed in liquid helium inside the cryostat within the field coil. During and after each pulse the resistance of one of the patterned Mn 2 Au stripes was probed for 10 s with a sampling rate of 200 kHz using a numerical lock-in technique with a probe current of 10 mA modulated with a frequency of 20 kHz. In parallel, the magnetic field was obtained by numerical integration of the dB/dt signal induced in a pick-up coil situated next to the sample. This lock-in technique enables resis- an as grown Mn 2 Au thin film (a), showing alignment of the Néel along perpendicular easy {110} directions, with a sample previously exposed to 50 T along one easy [110] direction (b) is shown. In our previous XMLD-PEEM imaging of the AFM domains of our Mn 2 Au thin films, we observed that an alignment of the Néel vector of starts when exposed to a magnetic field pulse of 30 T. The alignment saturates for field pulses with an amplitude of 50 T [16] . Fig. 2b shows the resulting almost complete alignment of the Néel vector, which is stable persisting over weeks.
Thus from the comparison with the XMLD-PEEM investigations and the apparent difference of the R(B) curves for increasing and decreasing magnetic field, we conclude, that the MR between 30 T and 50 T is originating from a spin-flop transition aligning the Néel vector perpendicular to the field pulse direction.
If the field pulse is applied along the hard [010]direction of the Mn 2 Au thin films, qualitatively similar behavior as for the pulses along the easy [110]-direction is observed, as shown in Fig. 3 . The main differences are now a vanishing ordinary longitudinal MR and a larger negative MR of about 1.75 % associated with the spinflop transition. The persistent AFM domain pattern obtained after a field pulse along the hard [010] direction consists of domains with a typical diameter of 2µm and with the Néel vector aligned along all the easy {110}directions as shown in Fig. 2(c) .
As concluded from the parallel resistance shift of the R(B) curves measured for B < 30 T on the rising and falling edge of the field pulse, the spin-flop related MR is persistent on the time scale of 10 ms. However, on the time scale of seconds, the negative MR generated by the spin-flop relaxes as shown in Fig. 4 for field pulses along the hard [010] as well as along the easy axis [110] direction of the Mn 2 Au(001) thin films.
The spin-flop induced MR contributions decay with a logarithmic time dependence, which is typical for the relaxation of the magnetization of ferromagnets of different types [23] . Theoretically, this type of relaxation behavior was first associated with a flat-topped distribution of energy barriers [24] , while later it was shown, that it is rather universal for any distribution of energy barriers [25] . This logarithmic relaxation is contrary to an exponential decay, which would result from a single energy barrier.
The spin-flop is for all configurations associated with a negative MR reducing the resistance of the sample independent of the direction of the probe current. From this observation, AMR of the AFM domains can be excluded as the origin of the observed MR in the range of 1 %. However, the spin flop certainly modifies the domain structure and presumably strongly reduces the density of AFM domain walls or even generates a monodomain state. Nevertheless, the AFM domain patterns observed weeks after the exposure to the field pulses show a similar density of domain walls for the as grown as for the field exposed samples (Fig. 2 ). This lends itself to an explanation based on the reduction of the density of AFM domain walls as the origin of the negative MR change associated with the spin-flop transition in Mn 2 Au. The formation and relaxation of AFM domain walls after the field pulse is then the origin of the observed decay of the MR over longer time scales.
We now apply the procedure used in Ref. [20] to fit the relaxation of the remanence of a ferromagnetic amorphous alloy to the decay of the MR of Mn 2 Au observed by us: We assume a probability distribution for the formation of AFM domain walls given by an Arrhenius distribution of relaxation times τ = τ a exp(E a /k B T ), with the attempt time τ a , Boltzmann constant k B and the sample temperature T . As the specific choice of the probability distribution P of energy barriers E a in not critical for obtaining a logarithmic relaxation [25] , we follow Ref. [20] and assume P (E A ) ∝ exp(−αE a ). Here with increasing magnitude of the negative parameter α the probability for a specific barrier height for the formation of a domain wall increases. With time t τ a and for low temperatures T , which is our experimental situation, one obtains [20, 24] :
Fitting our experimental R(t) curves as shown for two examples in Fig. 4 , we obtain for all probing current directions similar values of α, if the field pulses are applied along the same crystallographic direction of Mn 2 Au. However, for the different field pulse directions, different values are obtained: α −3 eV −1 for current pulses along the magnetic [110] easy axis and α −7.5 eV −1 for current pulses along the magnetic [010] hard axis. This correspond to a barrier for domain wall formation, which is for the same probability by a factor of 2.5 larger for the initial Néel vector alignment along the [110] axis than for the initial Néel vector along the [010] axis.
In addition to the MR associated with domain walls and the relaxation phenomena discussed above, there is also a smaller AMR effect contributing to the total MR: After applying a field pulse to a sample in the as grown state, the MR does not relax completely to its original value, which is associated with the persistent change of the AFM domain configuration shown in Figs. 2(a) and 2(b). This persistent MR of 0.1 % is positive for probe current parallel and negative for probe current perpendicular to the field pulse direction along the easy [110] axis. Thus we conclude that there is an AMR of 0.1 % at 4 K associated directly with the Néel vector alignment shown in Fig. 2(b) .
In the framework of the MR effects generated by current pulses assumed to rotate the Néel vector [8] [9] [10] , we can now conclude that at least the large effects in the percent range are not dominated by the AMR or other effects originating from Néel vector aligned domains. Our experiments presented here, indicate that a reconfiguration of the domain walls is the origin of the large MR observed in the room temperature transport experiments. However, we previously obtained persistent MRs of up to 6 % by current pulse generated modification of the magnetic configuration of Mn 2 Au thin films at room temperature [8] , whereas the large MR effects at 4 K presented here relax on the time scale of seconds. To explain this difference, we have to take into account the strong heating effects associated with the current pulses used to induce switching [8, 10] . We conjecture, that in the current driven cases the resistance switching originates from persistent changes of the domain and in particular domain wall configuration. This is in contrast to the field induced resistance changes, which originate from a highly Néel vector aligned state generated without heating the samples.
In summary, we aligned the Néel vector of epitaxial Mn 2 Au(001) thin films with a magnetic field pulse induced spin-flop transition and observed the corresponding MR effects of the order of 1 % by in-situ fast resistance measurements during the pulse. We identified a logarithmic time dependent relaxation of this MR effect on the time scale of seconds, which we associate with the formation of domain walls. In addition to these transient changes, we identified a persistent AMR of the aligned domains of the order of 0.1 % at 4 K. These results clarify the origin of the resistance effects and relaxation phenomena observed in current induced switching experiments of metallic antiferromagnets. The relatively small intrinsic AMR indicates, that for applications based on single domain switching (e. g. memory cells), alternative read-out mechanisms with larger effects are required. On the other hand, the observed relatively large domain wall resistance provides opportunities in antiferromagnetic spintronics such as race track memory [26] or multi-level switching [27] . This work is supported by the German Research Foundation (DFG) through the Transregional Collaborative Research Center SFB/TRR173 Spin+X, Project A05 and A01. We acknowledge the support of the HLD at HZDR, member of the European Magnetic Field Laboratory (EMFL). S. P. B. acknowledges financial support by the MPGC Mainz.
